F oresight studies provide essential information used by the government, industry and academia for technology planning and knowledge expansion. They are complicated, resource-intensive, and quite expensive. The approach, methods, and techniques must be carefully identified and selected. Despite the global importance of foresight activities, there are no frameworks to help one develop and plan a proper foresight study. This paper begins Keywords: technology foresight; strategic foresight; adaptive foresight; Social Network Analysis (SNA); bibliometric tools; data mining; text mining. to close this gap by analyzing and comparing different schools of thought and updating the literature with the most current tools and methods. Data mining techniques are used to identify articles through an extensive literature review. Social Network Analysis (SNA) techniques are used to identify and analyze leading journals, articles, and researchers. A framework is developed here to provide a guide to help in the selection of methods and tools for different approaches.
Methodology
Bibliometrics and Social Network Analysis (SNA) techniques were used to develop a two-mode network. Bibliometric techniques are often used to obtain inputs for developing public policy, science programs, and technological foresight activities [Godin, 1998] . Bibliometrics are used to analyze elements such as citations, authors, and semantic items of all forms of written communication regardless of discipline or research field. Mining bibliometric patent citation data and conducting SNA has been used in foresight activities to analyze technology development trends [Choi, Park, 2009] . Graphically presenting the bibliographic data in the form of network maps is a powerful technique for knowledge transfer facilitating group discussion [Chen, Kien Pham, 2014] . Affiliated networks using SNA techniques were first used to analyze patent and citation data from the USPTO [Chien, Weng, 2012] . Incorporating keywords into the maps adds value in new technology creation activities [Lee et al., 2009] . Thus, SNA opens the opportunity for analyzing studies about technology and their relationships [Cachia et al., 2007] . This study follows the affiliated network approach by using a three-phase research approach to build a two-mode network. One hundred ninety-six articles were selected by mining the Compendex database, from 1995 to 2015 inclusively, using the keyword "foresight". A content analysis of the literature was conducted to review the origin, purpose, and scope. Then, Social Network Analysis (SNA) was conducted to quantitatively and qualitatively analyze and investigate the social structures between journals and keywords. The framework in Figure 2 shows the three-phase approach: 1) Keyword identification via text mining, 2) Mode one analysis, 3) Mode two analysis. The process of text mining was used to identify key concepts that were meaningful and representative of the topic. The analysis followed an affiliation network relationship between actors based on their participation in events. These types of networks are composed of sets of actors and subsets of events. A two-mode network allows for an analysis of the relationships among actors from two perspectives 1955 1961 1964 1967 1970 1973 1976 1979 1982 1985 1988 1991 1994 1997 or two different single-mode events [Chien, Weng, 2012] . Thus, SNA was used to identify key concepts, leading journals, and popular methods in technology foresight. Early researchers described a successful foresight process in terms of three simple phases: inputs, foresight activities, and outputs [Horton, 1999] . The three-stage framework, pre-foresight, foresight, and post-foresight was first documented by Irvine and Martin [Irvine, Martin, 1984] . In this context, inputs are the collection, collation, and summarization of data. Activities and skills are used in the foresight phase to produce outputs such as tools, workshops, and reports. Amsteus uses the classifications of the present situation, plan, and goal [Amsteus, 2011a] . Still other researchers have developed frameworks to fit particular case studies [Brandes, 2009] or to provide general frameworks by industry area [Boretos, 2011] . Smith and Saritas illustrated mapping foresight methods into yet another framework where Phase 1 would contain understanding, Phase 2 would consist of Synthesis, Analysis, and Transformation and Phase 3 would consist of actions [Smith, Saritas, 2011] . For this paper, the groups and keywords were synthesized and mapped into a three-phase, six-step foresight framework. Phase 1: INITIATE 1) Define, develop, and document the purpose 2) Expected outputs, outcomes, and impact 3) Structure and approach Phase 2: EXECUTE 4) Invite the right experts 5) Gather data 6) New methods/Innovative Analysis Techniques Phase 3: CLOSE and COMMUNICATE
Results
The two-mode network links key concepts to journals showing a singularly directed flow. Figure  3 graphically represents how the network relates 15 journals and 1,299 key concepts. Note that three isolated journals are not considered in this analysis because they are not connected to any key concept. Figure 3 illustrates the groupings of sub-networks around important journals. When the key concepts were associated with two or more journals at the same time they were treated as common elements and are denoted by bridges linking the journals to the topics. In-degree centrality quantifies key concepts, which are graphically represented by the size of the label. The dominant journal, Technological Forecasting and Social Change, has the largest label in Figure 3 and the highest value in Table 2 because it publishes the greatest number of articles examining foresight concepts and covers the maximum array of such concepts. Tables 1 and 2 rank the key concepts and journals. In Table 1 , the centrality measures are normalized values for the two-mode network. Degree, eigenvector, closeness, and betweenness-centrality measure concepts for the positive strength of the relationship. A betweenness-centrality threshold of 0.003 was used to truncate the outliers with little interconnection between journals. Table 2 applies the same method to quantify the importance of the journals and then ranks them using the betweenness-centrality measure. Figure 4 shows how journals use key concepts to connect in order to form sub-networks. Table 3 shows the most cited articles on technology foresight.
Figure 2. The Analysis Framework
Gibson E., Daim T., Garces E., Dabic M., Gibson E., Daim T., Garces E., Dabic M., The analysis of the two-mode networks has been completed, having found the most important journals and keywords. In the case of "Decision Making" and "Innovation", these keywords are related, as have most of the other keywords, to the journal of Technological Forecasting and Social Change. After applying an ego-network option (e.g. [DeJordy, Halgin, 2008] ), it can be seen that "Decision Making" and "Innovation" are common nodes between nine of the journals. Figures 6 and 7 shows the ego networks of the main keywords directly associated with technology foresight: "Decision Making", "Technological Foresight", "Adaptive Foresight", and "Strategic Foresight". In Figure 7 , knowing that the journal Technological Forecasting and Social Change is associated with most of the important keywords, this journal was removed in order to have more clear idea of the ego-networks directly associated with technology foresight.
Technological Forecasting and Social Change
Source: соmpiled by the authors.
It can be seen in Figure 7 that the keywords "Technological Foresight' are associated with the journal Foresight with a high betweennees level and are associated with the keyword "Strategic Foresight". "Adaptive Foresight" is associated to two journals. One is the Journal of Service Research, which is not associated with any other important keywords. The keyword "Strategy Foresight" is linked to three important journals, two of them directly associated with technology management with connections to the keyword "Technology Foresight". Following the strategy of analyzing ego-networks directly associated with technology foresight, the ego-network of the journal Foresight is shown in Figure 8 . The journal Foresight links many important keywords including "strategic planning", "decision making", "innovation", and "strategic foresight". All of the keywords linked to the journal Foresight are associated simultaneously with a high number of important journals. 
Discussion
Foresight literature is often classified as either descriptive or normative . Descriptive research is concerned with definitional consensus. Early efforts by researchers such as Irvine and Martin [Martin, 2010] , Coates [Coates, 1985] , and Miles [Miles, 2010] drove some degree of definitional consensus. New methods and tools expanded the scope and methodologies. For example, Web 2.0 technologies created an opportunity for researchers to explore new methods such as online frameworks, social networks and mass collaboration approaches. This can be seen in a more recent description of foresight "as a social cognition process involving a complex set of methods and interactive process intended to assist policy in becoming more adaptive and forward-oriented in unpredictable environments" [Mendonça et al., 2012] . Web 3.0 readily incorporates machine learning techniques.
Gibson E., Daim T., Garces E., Dabic M., Figure 6. Ego Network of the Main Keyword "Decision Making"
Source: соmpiled by the authors. Grouping the concepts identified in Figure 3 shows that the majority of the research attempts to address the purpose, approach, and criteria. Figure 9 shows when the concepts are grouped into the concept of methods (social networks, modeling, optimization, Delphi, and scenarios) they are not as highly ranked as those grouped by purpose (decision making, innovation, research, competition, and sustainable development). Policy making and public policy rank 44th and 45 th , respectively. Decision making and innovation rank 1st and 2nd. Thus, a proper foresight study requires an innovative design approach and a structured process.
Initiating a Foresight Study
Coates states that "useful futures work can be performed on any scale, with any time dimension, and for any purpose" [Coates, 2010 [Coates, , p. 1431 . While the openness of the scope facilitates multi-disciplined use; it can lead to a lack of stakeholder consensus about the problem. This creates challenges. First, socio-technical and environmental problems are inherently complex because they are a national concern that involves cultural value and belief systems [Geels, 2004] . There is increasing uncertainty about a future that is approaching more rapidly than ever before. Thus, initiating a foresight study includes developing and documenting a clear purpose, articulating expected outputs, outcomes, impact, and structuring an approach. Even when the mission is clear, stakeholders from different disciplines come with different perspectives. This is further complicated by an increased emphasis on collaborative research. While some researchers argue that the domain be restricted for a greater impact, others argue that foresight activities should span multiple domains [Calof, Smith, 2009] . In general, public entities involve governments and not-forprofit organizations, who seek knowledge expansion. Private and commercial entities, on the other hand, are becoming increasingly concerned about sustainable business. The lack of consensus in the foresight literature and related concepts is not caused by methodologies, but rather by scoping activities. Porter [Porter, 2005] argues the importance of understanding motivation. If explorative, foresight activities attempt to identify possible radical futures. However, if normative, the purpose is to identify a singular path towards one possible future. Thus, it is critical to clearly understand the purpose and target audience. Foresight is important for national technology planning, commercial strategies, and industrial knowledge. Industrial groups, government, and academia conduct studies for knowledge expansion Gallouj et al., 2015] . Many countries engage in national foresight programs to assist them in cultural expansion or policy setting [Georghiou, Cassingena Harper, 2013; Keenan, Popper, 2008] . Most nations consider foresight activities essential for the health of their knowledge-based economies [Grupp, Linstone, 1999] . Companies, increasingly wary of disruption from changing market drivers [Rohrbeck, 2012] , turn to foresight for options. Corporations use foresight activities for policy creation [Georghiou, Cassingena Harper, 2013] , corporate sustainability [Costanzo, 2004; Rohrbeck, Gemünden, 2011; Destatte, 2010] , or expansion [Kodama, 2004; Ju, Sohn, 2015] . For example, rapidly evolving nanotechnologies are of particular interest to the ICT and medical fields [Loveridge, Saritas, 2009] . Each organization has a unique interest in conducting foresight. Foresight studies concerned with quality of life problems have a different focus than studies concerned with sustainable business [Wilburn, Wilburn, 2011] . Foresight is a process with inputs and outputs. In a properly designed foresight study, clear outputs that meet stakeholder expectations must be defined immediately. What are the outputs of a foresight study? One way to answer this question is to describe which group or process will be using the output from this activity as their input. If the purpose is to help identify changes to technology policy, the output could be in the form of a formal report or briefing. The outcome could be the drafting of a new bill and the impact could be its passage. There are two main schools of thought about how to best approach technology foresight activities and prediction. The difference in these approaches seem to lie in the question of predicting a future by creating a strategic plan to make that future happen or by envisioning a direction that holds multiple possible futures and starting along a directional path open to adapting said vision of the future. Researchers affiliated with US institutions have related the terms "normative" to a desirable future perspective and "explorative" to a possible future [Roper et al., 2011] . For example, Major et al. [Major et al., 2001] argue Gibson E., Daim T., Garces E., Dabic M., that foresight is aligned with strategic planning and management. In France, la prospective is discussed in terms of futuribles (possible futures) and futurables (desirable futures) [Godet, 2010] . Habegger argues for the benefit of distinguishing between possible and probable futures for improved policy development [Habegger, 2010] . Today, prospective has close ties with the concepts of strategic foresight [Godet, 2010] . Australia effectively used a strategic foresight approach to develop public policy [Leigh, 2003] . Public and private entities have been engaging more frequently in foresight activities that use both approaches [Habegger, 2010] .
The Adaptive vs. Strategic Approach
The timeline and amount of environmental uncertainty must be established when selecting an approach [Coates, 2010] . Strategic foresight is more about identifying a preferable or desired future and creating a plan to achieve it. The adaptive (explorative) approach uses a modular design and a highly iterative foresight process [Lin et al., 2012] to transform the future as it evolves [Carlson, 2004] . The more dynamic the environment, the more an adaptive foresight process is needed to combat the greater amount of uncertainty in the continuously shifting environment [Andriopoulos, Gotsi, 2006] . In the late 1990s, McMaster introduced the concept of continuous integration into foresight activities while placing an emphasis on the "structure of the future" [McMaster, 1996, p. 149] . His argument that emerging technologies disrupted the scale of prediction rendered much of the past information irrelevant. This means that the structure of the future is more important than attempting to discern any linear nature or pattern detailing the shape of its path. Thus, he proposed that the structure of the future is a set of relationships within a complex adaptive system. Van der Meulen et al. discuss the fact that integrating learning through an interactive process provides more value and impact [van der Meulen et al., 2003] . Most of the adaptive foresight literature is focused on exploring new business opportunities in highly uncertain environments [Heger, Rohrbeck, 2012; Rohrbeck et al., 2015; Castorena et al., 2013] . This is not surprising because the number of "traditional industries undergoing radical change due to emerging technologies is unprecedented" [Groen, Walsh, 2013, p. 187] . In these dynamic environments, firms are finding it increasingly difficult to sustain their competitive advantages or even survive [Costanzo, 2004; Rohrbeck, Bade, 2012] . This complexity is driving higher levels of uncertainty, requiring decision makers to become more proactive in identifying different industry directions and possible futures. Thus, businesses require more relevant and timely [Robinson et al., 2013] intelligence to successfully respond to triggers [Rohrbeck, 2012] and apply strategic-foresight techniques for complex planning tasks such as exploring new business fields [Alkemade, Suurs, 2012; Heger, Rohrbeck, 2012; Rohrbeck, Kaab, 2013] . Statistical evidence shows a positive relationship between foresight and firm performance [Amsteus, 2011b] ; however, quantitative studies comparing the different approaches are missing. Figure 10 shows how adaptive foresight differs from strategic foresight. Some researchers [Rohrbeck, Oliver, 2013] believe that adaptive foresight may be the better method for emerging companies because the environment is dynamic and there is deep uncertainty [Hamarat et al., 2013] . What these companies need is a set of future visions that can be used in current decision making practices that are adaptable for future-oriented practices [Brummer et al., 2008] . Coates agrees that "there is a need for the development of easily comprehensible, timely, and cheap sources" of technological forecasting for small companies [Coates et al., 2001, p. 15] . The adaptive foresight approach could also be more appropriate for developing countries [Lin et al., 2012] because the expense, time, and other resource requirements are simply out of reach for developing countries that are strapped for cash with limited resources. However, one has to be careful in working with experts in different countries where there is great uncertainty [Knight, 1921] as experts will have differing motivations. On the other hand, Havas explored national foresight activities in a small country with a bias towards planning [Havas, 2003] . Others have also concluded that size, style, and culture matters [Keenan, Popper, 2008] . Cultural expectations and values are often associated with time. As more tools and methods are being introduced into the foresight process and societal problems become more complex, the adaptive approach is gaining popularity in both the public and private sectors.
In the adaptive school of thought, it is also critical to maintain an open foresight attitude to facilitate optimal cognitive learning [Bootz, 2010] . This is explained as being open to new or weak signals for the continued analysis of alternate possible paths. Actions will create new data for analysis over time as the firm marches towards a future unspecified point in a general direction. Within this context, learning is a key component because the managers conducting the foresight activities may also have an influence over the firm's actions. Bezold conducted a study to explore the effective use of scenarios and found parallel plausible paths through scenarios leading to the conclusion that a direction could be set for the path while work continues to clarify the vision [Bezold, 2010] . Thus, managers operating under these deeply uncertain environments are leaning towards the adaptive school of thought [Amsteus, 2011a; for the purpose of sustainable business. One must organize and structure the studies around a set of defined criteria. Typical criteria, in addition to the time horizon [Vecchiato, Roveda, 2010] and the environmental uncertainty, may include: resource requirements, the domain, and the risk tolerance associated with the output. Researchers know that no forecasting model captures the entire reality of the current environment and that the output never represents an accurate forecast. In foresight activities there is increased uncertainty as the future timeline is extended. As technology has rapidly advanced, researchers are becoming increasingly concerned about how to improve the foresight process and tailor it to different domains for different purposes [Heger, Boman, 2015] .
Executing a Foresight Study
Selecting the right experts, designing data collection processes, and leveraging new methods and innovative analysis techniques are required for conducting a proper study. Many stakeholders and panels of experts are needed in order to balance perspectives. One French foresight exercise determined that 100 experts were not adequate and selected 50 more [Durand, 2003] . The selection of experts must take a balanced approach by carefully considering perspectives about technologies, industry, and culture. The methods and tools used in foresight activities are eclectic, flexible, complex, and sophisticated [Coates, 2010] . Data collection methods and analysis techniques are rapidly evolving. Methods identified in Table 2 with high rankings include: bibliometrics, SNA, simulation and modeling, mathematical models and algorithms, optimization, Delphi surveys, business forecasting tools and techniques, and scenario analysis. Data collection methods and analysis techniques were grouped into quantitative, qualitative, or hybrid methods for further discussion. Quantitative methods are numerically based and apply statistical analyses. Many of these tools are commonly found in forecasting activities. Some of these methods include: data-mining, bibliometrics and extrapolation. Qualitative methods collect contextual data that can be analyzed to provide meaning to events and perceptions. Some of these tools and methods include: backcasting, brainstorming, panels, gaming, interviews, morphological boxes, and surveys. The hybrid methods are primarily focused on quantifying expert judgment. Some of these methods include cross-impact analysis, Delphi, multi-criteria analysis, scenario analysis, and roadmapping. Delphi is popular as a data collection method because expert panels are "one of the most frequently used methods in foresight" [Daim et al., 2009, p. 32] . When used effectively, the Delphi method creates consensus and clarifies disagreements between experts. The experts remain anonymous in the process and the method is often combined with other methods such as other expert panels, mapping, scenarios, etc. Several researchers provided good discussions about characteristics pertaining to selecting and working with experts [Loveridge, Saritas, 2009; Tichy, 2004] . Scanning and scouting for strategic intelligence are other methods to collect data. This area is evolving in the literature because monitoring for information can be difficult and some of the signals can be weak [Ilmola, Kuusi, 2006] , disjointed, or convoluted with inconsistent terminology. Open attitudes are critical in order to avoid introducing bias. Delphi surveys, scenario analysis, and roadmapping are used to promote creativity based upon the assumptions about the future, the collection of knowledge and experience from experts, and the interaction of experts to find a congruent collective consensus [Cachia et al., 2007] . While foresight
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A Comparison Foresight Approaches
Deep uncertainty, short timeline. The plan is wrong but it is good enough to point a direction. Modular design, iterative process.
X X X X X X X activities may use some purely qualitative methods that are narrative based, a proper study requires multiple tools and methods [Smith, Saritas, 2011] . Different methods have varying strengths and weaknesses. For example, if the objective is to identify low probability-high impact events, also known as a black swan, forecasting methods could be used based upon what-if scenarios. This also illustrates how the qualitative method of scenario planning is mixed with heavily quantitative forecasting methods. On the other hand, if an organization is concerned about sustainable development or emerging industries, combing the patent databases using bibliometrics could detect patterns in R&D or shifting resources.
Coates [Coates, 2010] identifies and describes the use of over seventeen different methods in the description of a properly conducted futures study. Popper [Popper, 2008] , conducted an extensive research study to investigate how methods are selected and applied by examining 886 different foresight studies from around the globe. The resulting diamond-shaped framework classified thirty-three of the most important methods in terms of interaction, creativity, evidence, and expertise. A foresight study is a project with a beginning, an end, specific purpose and outcomes requiring multiple processes and activities. A framework is useful to manage complexity. Figure 11 adapts Voros's threephase framework [Voros, 2003 ] to map methods that help selecting methods to conduct a three-phase study: initiating, executing, and communicating the results. Five dimensions were used to map each method: purpose, time, domain, uncertainty level, and resource availability. The systematic use of a framework is important. Consider how stakeholders involved in both foresight planning activities and policy development can influence actions [Bootz, 2010] . Without an open attitude about knowledge expansion, bias towards a particular path may eliminate other worthy avenues prematurely. Including objectives for both knowledge creation and sustainable business helps one find a balance between knowledge expansion for the sake of knowledge expansion or knowledge expansion for the sake of sustainable business.
Porter discusses how during a normative study, the preferable future is characterized by ethics, values, and virtues [Porter et al., 2004] . Glenn and Coates [Glenn, Coates, 2009] describe normative forecasts as consisting of two essential parts: (1) the statement of a goal or set of goals to be accomplished in a specific time period and (2) a detailed analysis of how to reach the goal or goals. Porter clarifies that normative techniques are more goal-oriented, working towards a firm's mission. Thus, normative techniques tend to move backwards in attempt to control actions aimed at realizing the vision. The construction of normative narratives can create scenarios for out-of-the-box thinking that helps to break conventional thinking patterns [Andreescu et al., 2013] . Examples of purely normative methods are: analytical hierarchy process (HDM), backcasting, multi-criteria decision analyses, participatory techniques, requirements analysis, science fiction analysis, and stakeholder analysis. Explorative techniques investigate future possibilities depicted by scenarios of shifting forces; using historical chronological data that spans from the past into the future. An exploratory forecasting exercise is undertaken for the purpose of examining where the future may go without any consideration of whether people or society want it to go there or not. Examples of purely exploratory methods are: agent modeling, analogies, bibliometrics, causal models, checklists for impact identification, complex adaptive system modeling, correlation analysis, cost-benefit analysis, cross-impact analysis, demographics, diffusion modeling, economic base modeling, innovation system modeling, institutional analysis, long wave analysis, monitoring, organizational analysis, precursor analysis, sustainability analysis, systems simulation, technological substitution, technology assessment, and trend extrapolation. Some methods are a combination of both normative and exploratory forecasting. These methods include: action analysis, brainstorming, creativity workshops, decision analysis, Delphi, focus groups, interviews, multiple perspectives assessment, risk analysis, roadmapping, scenarios, scenario-simulation, social impact assessment, and TRIZ (theory of the resolution of invention-related tasks). Time is a key dimension in any foresight activity. Is the possible future to be specified for the near future, next future, or far future? For example, Alsan and Oner's research [Alsan, Oner, 2003 ] defines the time periods as follows: at the normative level -eight to thirty years, the strategic level -four to seven years, and the operative level -one to three years. The time dimension began to be more directly linked to the different approaches and impact levels. For example, Johnston [Johnston, 2012] described the impact in terms of instrumental, conceptual, and capacity building. Other time relationships are discussed in terms of output objectives such as knowledge building and business sustainability. Other researchers use only two: future and past where the time in the past is extrapolated into the future using present conditions and criteria. Recently, researchers have been looking to technology foresight rather than forecasting for even shorter time spans for environments where deep uncertainty prevails [Hamarat et al., 2013] . Typically for the same environment, the farther into the future, the more uncertain is the prediction of what the environment will be. However, it is known that different environments carry different unknowns with different uncertainties [Keenan, Popper, 2008] . Thus, the domain is another dimension to consider. High or deep levels of uncertainty can impact the time horizon [Hamarat et al., 2013; Salo, Gustafsson, 2003] and method selections. For example, Andreescu et al. [Andreescu et al., 2013] illustrated how the method of scenario analysis was selected for a systems foresight exercise because the domain for the future university education environment in Romania was highly uncertain and little historical data was available [Andreescu et al., 2013] . Others have selected patent data mining over Delphi because Delphi uses expert quantification and is time sensitive [Hung et al., 2013] . Thus, time and uncertainty is highly dependent upon the domain. Some foresight methods are known to require significant monetary resources and time such as Delphi, scenarios, participatory methods, and technology roadmapping. Thus, these high resource methods, while effective and popular, may simply not be practical due to either monetary or time restrictions. Methods most commonly referenced for small and emerging companies include: backcasting, bibliometrics, diffusion modeling, longwave analysis, monitoring technological substitution, trend extrapolation, and scenario analysis. Companies that use these less resource-intensive methods could also include difficult industries currently experiencing a great amount of uncertainty such as bio-tech, health [Masum et al., 2010] , and universities [Andreescu et al., 2013] . Companies operating in this domain require adaptive and robust foresight activities Hamarat et al., 2013] . Ruff conducted an extensive research study on how small and medium enterprises (SMEs) conduct strategic foresight [Ruff, 2006] . What he found was they are operating in a vastly different resource
Gibson E., Daim T., Garces E., Dabic M., Figure 11. environment, lacking strategic planning organizations, research and technology divisions, and other support functions. Thus, many of the technology foresight methods are simply not practical for them. He also found their time span was shorter, typically from 1-10 years and the duration of the foresight activity lasted between 3-6 months. Therefore, the major methods for this group would be data-mining and bibliometric techniques, expert interviews, technology monitoring/scanning, quantitative models, and trend research. While several researchers noted a gap in this research, Ruff 's study was the only study found in the content analysis of literature that focused on SMEs. One reason may be that the process requires flexibility in the selection of input criteria and methods to achieve expected outcomes. Input criteria such as market drivers or technical parameters may be highly uncertain. Or, enterprises may be faced with new market drivers and technical constraints where time series data for the desired criteria may simply not be available. In these cases, researchers have found the tools and methods to be lacking [Barker, Smith, 1995] and that they require additional research [Linstone, 2011] . Some progress has been made with new data mining techniques [Huang et al., 2014] that create smarter ways to capture large amounts of data. These tools are useful to examine and understand the dynamics of the emerging field. Another problem is that the data may be located in pockets and change rapidly, which makes it more difficult to apply these data mining techniques.
Communicate Results
The dissemination of the results to the appropriate audience is important. The foresight process uses multiple methods requiring increasing amounts of communication. One strength in technology roadmapping is that a map is produced as part of the activity. This output can be used as a blueprint facilitating communication that facilitates making a new technology a reality. Whether the outputs are in the form of a written report, document, presentation, or roadmap it is critical that the results are communicated and disseminated.
Conclusions and Directions for Future Research
Rapidly increasing technology, tools, and methods require that facilitators of foresight activities use a framework to initiate, execute, and conclude each study. Methods used to conduct a proper foresight study in the past may no longer be relevant for the problem under consideration today. The study shows marked improvement in and the usage of bibliometric tools used for data and text mining and patent analysis. Porter's work has significantly contributed to this trend [Porter, 2005] . "Computation and simulation are becoming indispensable for managing the complexities of future variables and the enormous range of drivers, factors, and implications" [Smith, Saritas, 2011] . Better tools can be used concurrently with one another in order to yield better results. Communication and the importance and breadth of stakeholders continues to be an important discussion point. The other trend is the move towards iterative processes and sustainable business. Literature increasingly emphasizes the importance of measuring the impact of the study. This can only be done by continuously testing assumptions and predictions against the baseline study. Many researchers have documented a gap in foresight research between theory and practice [Georghiou, Cassingena Harper, 2013; Keenan, Popper, 2008; Bootz, 2010] . One reason may be that the activity may provide a competitive edge, so companies are not willing to share their information. Taken a step further, organizations may be viewing foresight activities as a core competency that provides a competitive advantage. Eriksson and Weber [Eriksson, Weber, 2008] discuss this in more detail and others have begun to fill the gap with case studies and examinations of weak signals [Battistella, de Toni, 2011] . The bottom line here is that better evaluation tools are necessary [van der Meulen et al., 2003 ] before foresight activities can become a part of routine decision making [Glenn, 2013] . More research is needed to understand which organizational structure [Cagnin et al., 2013] and measurement system [Schwartz, 2008] are needed because currently the results are often vague and difficult to integrate into corporation [Durand, 2008] . Rohrbeck and Schwarz call for more research to understand the value generated by foresight methods for the corporation and which practices will best deliver that value [Heger, Rohrbeck, 2012; Rohrbeck, Oliver, 2013; Schwartz, 2008] .
Other researchers noted gaps between other fields [Könnölä et al., 2007] , suggesting foresight draw from other academic disciplines such as strategic management [Amsteus, 2011a] , innovation systems [Alkemade, Suurs, 2012; Smith, Saritas, 2011] , or cultural differences and style [Keenan, Popper, 2008] . Strategic decision making under conditions of uncertainty is a key concern for technology managers. Despite the importance for sustainable business, the research connecting foresight theory with strategic decision making is sparse [Vecchiato, 2012] . Saritas sheds some light on the fragmentation by explaining that foresight is highly context-dependent [ElenaPérez et al., 2011] . Others consider the connections with other foresight activities critical and emphasize the importance of networking with 'distributive intelligence tools ' [de Lattre-Gasquet et al., 2003] . The quantitative analyses provided above can be further improved by trying to normalize the results by using the impact factors of the journals. This would be an interesting test of the relevance of our results.
